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Short Communication
Cisplatin (CP) is a powerful and dynamic cytostatic drug whose

clinical application is limited by its nephrotoxicity. Although CP
nephrotoxicity in patients can be monitored through diuretics and
hydration regimens, the prevalence of CP nephrotoxicity still occurs in
approximately one-third of patients undergoing CP treatment.
Experimental animal studies have demonstrated that CP accumulates
in the kidney more than other organs and specifically damages the
proximal tubules. Human organic cation transporter 2 (hOCT2) is
mainly expressed in the basolateral membrane of renal proximal tubule
cells [1]. Several in-vitro and in-vivo studies from 2005 to 2008
confirmed that CP uptake via hOCT2 and rat OCT2 [2-5]. The
treatment of wild type animals with CP and cimetidine, a substrate for
OCT2 transport, reduced the nephrotoxic effects of CP [6].
Importantly, the administration of cimetidine in patients treated with
CP produces nephron-protection effects without compromising the
efficacy of CP tumor therapy [7]. Furthermore, another study revealed
that hOCT2 genetic polymorphisms in combination with cimetidine
protected patients from CP-induced nephrotoxicity [8]. Thus, OCT2 is
a critical transporter for CP in the kidney and a promising target to
halt the undesirable nephrotoxic effects of CP. The study by Sprowl et
al. elucidated that Oct1/2(−/−) mice were not completely protected from
CP-induced tubular necrosis, while the loss of tumor protein p53 in
Oct1/2(−/−) mice conferred complete protection. Clinically, non-
competitive inhibitors of OCT2 function and p53 inhibitors such as
pifithrin-α abrogated the activation of p53 and cyclin-dependent
kinase inhibitor p21 as well as the cleavage of caspase-3 in CP-treated
mice [9]. In addition, another study by Wei et al. (2007) showed that
the degree of renoprotection conferred by pifithrin-α is significantly
higher than that in p53(−/−) mice receiving cisplatin alone [10]. A
careful analysis of the results of two previous studies by Sprowl et al.
illustrated that pifithrin-α may be a unique and independent dual
OCT2 and p53-inhibitor capable of circumventing the nephrotoxic
effects of CP. Interestingly, the abrogation of OCT2 function through
the inactivation of the p53 pathway is necessary to offer complete
protection from CP-induced nephrotoxicity. Moreover, p53 plays an
important role in CP-induced nephrotoxicity independent of OCT2
function [11,12]. In 2013, a study by Nematbakhsh et al. reported that
CP-induced nephrotoxicity is gender dependent; they observed a

greater intensity of damage in males than in females through an
unknown mechanism [13]. Previously, I suggested this difference may
be related to CP uptake by OCT2 because OCT2 renal expression is
significantly higher in males than in females. Hence, CP uptake by the
kidneys was increased through the over-expression of OCT2 in male
rats and was associated with increased CP-induced nephrotoxic effects
[14]. Furthermore, I proposed that the main player in the gender
differences in OCT2 gene expression in rats is testosterone. This
proposal is consistent with the findings of a study that found OCT2
levels to be significantly reduced in mice after castration and another
study that indicated that CP therapy should be avoided when serum
testosterone levels are high because high levels of testosterone promote
CP-induced kidney injury [15]. However, several studies have
exhibited contrasting effects of certain natural products or synthetic
compounds on CP-induced nephrotoxicity in both sexes by using the
same doses and regimens [16-21]. Substantially, a recent study
concluded that formononetin, the main compound of herbal
isoflavone found in the red clover plant, decreases CP accumulation in
the kidney through the down regulation of OCT2 expression.
Functionally, several studies have proven that formononetin is a
testosterone 5 alpha-reductase inhibitor. Testosterone is reduced at the
5 alpha position to its active metabolite, dihydrotestosterone (DHT),
by 5 alpha-reductase. Therefore, I recently claimed that formononetin
reduced the expression of OCT2 through the DHT pathway [22]. A
recent pioneer work by Hu et al. (2017) revealed that organic anion
transporter 1/3 (OAT1/OAT3) is a novel pathway for mercapturic acid
metabolite of CP uptake independent of the OCT2 pathway. The
existence of a mercapturic acid metabolite of CP called NAC-1, which
acts as a progenitor for renal injury through upstream of p53 [23]. The
actions of these two transporters can be abrogated by nilotinib, a
tyrosine kinase inhibitor without compromising the antitumor effects
of CP [23]. Hence, the regulation of these renal transporters represents
a new target for treatment of acute renal toxicity. In rats, the male-
dominant expression of Oat1/Oat3 is regulated by the transcription
factor B Cell CLL/Lymphoma 6 (BCL6) and not affected by
testosterone [24]. However, the implication of Oat1/Oat3 in the gender
regulation of CP-induced nephrotoxicity in rats remains unanswered.
Moreover, the possible regulatory function of BCL6 on gender
differences of CP nephrotoxicity still uncovered also (Figure 1).
Therefore, further work on the gender regulation of CP uptake by the
kidney could reveal new target pathways to improve the current stand
of therapeutic index of CP and offer more alternatives for clinicians
and patients to promote longer survival and better quality of life.
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Figure 1: Testosterone is critical player in CP-induced nephrotoxicity through regulation of the OCT2. However, the role of BCL6 in kidney
uptake for metabolite of CP remains unanswered.
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